Introduction
Patients with HIV/AIDS have a significantly increased risk of developing non-Hodgkin lymphoma. 1 AIDS-related lymphomas (ARLs) are a heterogeneous group of B-cell lymphomas frequently associated with EBV. 2 The mechanism of lymphomagenesis is probably complex and is not because of immune suppression alone. Constitutive NF-B activation is essential for tumor development in subtypes of lymphoma in HIV-negative persons. 3 NF-B can be activated by upstream signaling initiated by the EBV viral oncogene latent membrane protein 1 (LMP-1) 4 or, in some cases, as a consequence of genetic alterations in regulators of NF-B. 5 A20 (TNFAIP3), an ubiquitin-modifying enzyme that inhibits NF-B, 6 has been found to be inactivated in multiple types of B-cell lymphoma, including diffuse large B-cell lymphoma (DL-BCL), 5, 7 MALT lymphoma, 7-9 follicular lymphoma, 7 marginal zone lymphoma, 10 Burkitt lymphoma, 7 and Hodgkin lymphoma (HL). 9, 11, 12 A20 is located on chromosome band 6q23, an area frequently deleted in B-cell lymphoma and thought to contain a tumor suppressor gene. Silencing of A20 with small interfering RNA in lymphoblastoid cell lines is associated with increased NF-B activity, resistance to apoptosis, and enhanced clonogenicity. 7 Reconstitution of A20 in cell lines with biallelic A20 deletion leads to apoptosis. 5, 7 In HL, cases with A20 inactivation are almost exclusively negative for EBV. 11, 13 In ARLs, the role of A20 and the relationship between A20 and EBV have not been examined.
In this report we describe inactivation of A20 in a significant proportion of ARLs, including EBV ϩ cases that do not express LMP-1 or express LMP-1 in only a minority of cells. These results suggest that A20 may act as a tumor suppressor gene in ARLs. In EBV-associated ARL, A20 loss may provide an alternate means of NF-B up-regulation in cells in which LMP-1 is not expressed.
Methods

Patient samples
Sixty-eight formalin-fixed paraffin-embedded samples of ARL were collected from New York Presbyterian Hospital-Weill Cornell, the University of Siena, and the AIDS Malignancy Consortium. Cases were included if Ͼ 80% tumor cells were present and the diagnosis of B-cell lymphoma was confirmed. All samples were obtained with the approval of the institutional review boards at both institutions.
Tumor characterization
Immunohistochemistry was performed on tissue microarray to evaluate for the presence of CD10, CD20, CD3, PAX 5, Bcl-6, Bcl-2, BLIMP-1, FOXP-1, CD138, and MUM-1. EBV and Kaposi sarcoma herpes virus status were determined by in situ hybridization for EBV-encoded RNA (EBER) and immunohistochemistry for LMP-1, EBV nuclear antigen 2, and latency-associated nuclear antigen. Tissue diagnosis was made with the use of criteria from the World Health Organization. 14 In cases of DLBCL, germinal center B-cell (GCB) versus non-GCB subtype was determined by the Hans algorithm. 15, 16 Fluorescence in situ hybridization FISH was performed with the use of the spectrum green-labeled A20 probe (provided by Dr Vundavalli, Columbia University) and the spectrum orange-labeled centromeric probe for chromosome 6 (Vysis/Abbott Molecular), following the standard protocols for paraffin FISH assay.
A20 mutation analysis
Direct sequencing was performed on the coding region and splice sites of A20. Genomic DNA was extracted from paraffin-embedded tissue (QIA-GEN). DNA was amplified by PCR with the use of the primers and For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From conditions described in supplemental Table 1 , available on the Blood Web site; see the Supplemental Materials link at the top of the online article. Purified DNA was directly sequenced (Genewiz) and compared with the known germline sequence (NM_006290.2). Samples were included for analysis if sequencing was successfully performed on Ͼ 90% of the area of interest. Mutations were screened for known polymorphisms in the National Center for Biotechnology Information SNP (single nucleotide polymorphism) database. 17 All mutations were confirmed on independent PCR products in both orientations.
Immunohistochemistry
Immunohistochemical staining of A20 was performed with the use of the Bond Max Autostainer (Leica Microsystems). Formalin-fixed paraffinembedded tissue sections were baked and deparaffinized, followed by antigen retrieval with the use of the Bond Epitope Retrieval Solution 1 (ER1) at 99°C to 100°C for 30 minutes (Leica Microsystems). Sections were then subjected to sequential incubations with endogenous peroxidase block, primary antibody (Clone EPR2663, 1:50; Epitomics), postprimary (secondary antibody), polymer, diaminobenzidine, and hematoxylin for 5, 25, 15, 25, and 5 minutes, respectively (Bond Polymer Refine Detection Kit; Leica Microsystems). Finally, stained sections were dehydrated and mounted in Cytoseal XYL (Richard-Allan Scientific). Tumors with Ͼ 20% positivity were scored as positive.
Results and discussion
Fifty-six of 68 samples had sufficient tumor and interpretable results. The sample set included DLBCL, GCB (37%) and non-GCB (25%) types; Burkitt lymphoma (14%); plasmablastic lymphoma (9%); B-cell lymphoma, unclassifiable (13%); and polymorphic lymphoproliferative disorder (2%; Figure 1A) . EBV was present in 37% of cases. Of 19 EBV/EBER ϩ cases, 4 were positive for LMP-1 with expression in Ͼ 90% of tumor cells. Two additional cases were heterogeneous with intermediate LMP-1 positivity consisting of LMP-1 expression in Ͻ 10% of tumor cells. The remaining cases were negative for LMP-1 ( Figure 1B) .
Genetic alterations in A20 were evaluated with the use of FISH and direct sequencing (Figure 2A-B) . Monoallelic deletion of A20 was detected by FISH in 5 of 33 cases (15%). Biallelic deletion was detected in one case. Direct sequencing was performed in 19 samples with sufficient DNA. Point mutations were present in 3 of 19 cases (16%; supplemental Table 2 ). Nonsense mutations coding for a premature stop codon in exon 2 were seen in 2 cases. The third case had a missense mutation in exon 7 resulting in an amino acid change. Two of the 3 cases with A20 mutation also For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From had monoallelic deletion in the complementary allele, indicating biallelic alteration of the A20 gene.
Immunohistochemistry for A20 was performed and is described for the first time in this report ( Figure 2C ). Absence of A20 was shown in 7 of 55 cases (13%). In all cases negative for A20, the infiltrating normal cells stained positive. Included among the cases negative for A20 is the case with biallelic A20 deletion determined by FISH. Cases with A20 mutation or monoallelic deletion or both frequently retained reactivity toward A20. Immunohistochemistry may therefore be useful in identifying cases with complete loss of A20 but not helpful in cases in which A20 is present but altered.
In total 13 of 56 cases (23%) showed evidence of A20 inactivation by FISH, sequencing, immunohistochemistry, or a combination (supplemental Table 3 ). A20 inactivation was seen in most histologic subtypes, including Burkitt lymphoma (n ϭ 3), DLBCL, GCB (n ϭ 3), and non-GCB (n ϭ 2) subtypes, and B-cell lymphoma, unclassifiable (n ϭ 2). Three of 5 plasmablastic lymphomas (60%) had evidence of A20 loss ( Figure 2D ), but given the small sample size further investigation is necessary to determine whether A20 inactivation is more common in this lymphoma subtype.
A20 inactivation was seen in both EBV ϩ and EBV Ϫ cases. Interestingly, the EBV viral protein LMP-1, which activates NF-B, was not expressed in 12 of 13 cases with A20 alteration ( Figure 2E ). One case with A20 inactivation had evidence of LMP-1 expression however in only 10% of tumor cells ( Figure 1B) . This is the first report to show A20 inactivation in EBVassociated lymphoma. This contrasts with previous studies in HL in which A20 inactivation and EBV infection were almost mutually exclusive. 11 The EBV gene expression pattern differs in HL and ARL. In HL Reed Sternberg cells, EBV uniformly expresses LMP-1; however, in ARL viral gene expression is more heterogeneous and LMP-1 is frequently absent. Our data indicate that A20 may represent a tumor suppressor gene in a significant subset of ARLs and that A20 inactivation can be present in both EBV ϩ and EBV Ϫ cases. In EBV-related lymphoma the inactivation of A20 may be an alternative mechanism of NF-B up-regulation in lymphoma cells in which LMP-1 is not expressed.
